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(57) A wireless capsule for delivering a surgical clip 
to a target site in the gastrointestinal (Gl) tract of a patient 
comprising a capsule body (1 ) with a front portion (3) and 
a surgical clip (4) releasably mounted on the front portion 
of said capsule body. The capsule is equipped with wire- 
less locomotion and steering means (28) mounted on 
said capsule body, image sensing means (38) mounted 
at the front portion of the capsule body for detecting im- 
ages of the Gl tract and assisting in leading the capsule 



up to the target site and a transceiver unit (39)for trans- 
mitting the detected images to a data processing unit 
external to the patient and for receiving control signals 
from an operator. Clip retaining and releasing means (5) 
are provided for retaining the clip on the front portion of 
the capsule body when the capsule is moved through the 
Gl tract, the clip retaining and releasing means being 
wirelessly actuable for releasing the clip when the cap- 
sule is in close proximity of the target surgical site and is 
axial ly directed towards it. 
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Description 

[0001] The present invention relates generally to a 
wireless medical device for compressing body tissue to 
prevent haemorrhaging, treating of lesion, and marking 
of suspected tissue area at a surgical site within the gas- 
trointestinal (Gl) tract. More specifically the invention re- 
lates to a wireless capsular device for delivering a surgi- 
cal clip to a selected site of the gastrointestinal tract. 
[0002] US 6428548 discloses a surgical clip and a sys- 
tem for delivering the clip in a controlled way to a surgical 
site. This system is intended for use in a variety of medical 
procedures, including closing an organ perforation from 
inside a lumen by approximating and compressing the 
wound edges of the perforated tissue. The system is 
shown in figures 1 and 2 and comprises an endoscopic 
device with an endoscope cap at its distal end and a clip 
removably arranged on the outer surface of the endo- 
scopic cap. The surgical clip is formed by a pair of elas- 
tically connected semicircular grasping surfaces, or jaws, 
having toothed portions facing to each other. When the 
clip is mounted on the endoscope cap, the clip is in its 
open, or tissue receiving, position with the toothed por- 
tions spaced apart therebetween and elastically forcing 
on the outer surface of the cap. Once the clip is released 
under the action of a deployment device, it closes to its 
tissue grasping position, in which the toothed portions of 
the jaws are close to each other to grasp the tissue and 
assist in retaining it between the two yaws. 
[0003] The two jaws are elastically connected by re- 
spective joints that bias the jaws toward each other pro- 
viding the compression force required to enable the jaws 
to compress and retain tissue therebetween. 
[0004] In the use, the surgical clip is deployed off of 
the endoscope cap after it has been positioned adjacent 
to the wound site. The deployment device associated 
with the surgical clip may be of the type including a cable 
looped around a portion of the clip and actuated by the 
operator, for pulling forward the clip and deploying it off 
of the endoscope cap, or of the type including a tubular 
member movably mounted on the endoscope and actu- 
ated by the operator to push the clip from the underside 
and deploy it off of the endoscope cap. 
[0005] As any endoscopic procedure, the use of the 
system for delivering a surgical clip in a controlled way 
to a surgical site according to US 6428548 entails that a 
clip dispenser, either a flexible endoscope or anothertu- 
bular device, be introduced in the patient body through 
a body orifice and this usually causes serious discomfort 
and pain to the patient, which is often significantly dis- 
couraged to undergo this type of treatment procedures. 
Furthermore, when using a conventional endoscope, al- 
though of the flexible type, it may be very difficult and 
often impossible to dispense the surgical clip to some 
segments of the gastrointestinal tract, for example the 
small bowel. 

[0006] Wireless endoscopic procedures for painless 
diagnostic exploration of the gastrointestinal tract are al- 



so known. The procedure requires a patient to ingest a 
vitamin-pill size capsule which is carried by peristalsis 
through the digestive tract. During the transit the capsule 
takes images which are transmitted to an array of anten- 

5 nas placed externally at the patient's abdomen and re- 
corded into a portable storage unit attached to a belt 
around the patient's waist. The acquisition of images 
takes eight hours and during this time patients are free 
to conduct their daily activities. The device is expelled 

10 naturally after approximately 24 hours, if no complica- 
tions arise. Then the patient returns to the physician's 
office to deliver the capsule and the associated equip- 
ment to download the images into the physician's work- 
station for review and analysis. 

15 [0007] An endoscopic capsule for wireless endoscopic 
procedure, as disclosed for instance in US 5604531, 
comprises a capsule body, a viewing window on the cap- 
sule body and a light source such as a LED to illuminate 
the inner portions of the digestive system, an image sen- 

20 sorto take images and a focusing system, a transmitter, 
a power source and a data processing unit which gener- 
ates tracking and video data from the single datastream. 
A commercial capsule according to this patent is the Pill- 
Cam® capsule marketed in the United States by In- 

25 Scope, a business division of Johnson & Johnson sub- 
sidiary Ethicon Endo-Surgery, for the visualisation of the 
mucosa of small bowel, colon and esophagus. A similar 
device is produced by Olympus Corporation and market- 
ed under the name EndoCapsule for the small bowel. 

30 [0008] The endoscopic capsules of the above men- 
tioned type move passively through the gastrointestinal 
tract and thus their movements cannot be controlled. Self 
propelled and remotely controlled endoscopic capsules 
have also been disclosed. For example WO20051 22866 

35 discloses the application of magnetic forces to perma- 
nent magnets in the capsule to move, rotate and stop the 
capsule in the digestive tract. US2006030754 disclose 
an active control system for a endoscopic capsule com- 
prising a motor consisting of an electromagnetic stator 

40 unit and a permanently magnetized rotor unit, in partic- 
ular in the form of blades attached to a rotatable axis. 
The internal power source may receive power from ex- 
ternal ultrasonic power sources, electromagnetic wave 
sources or magnetic sources. EP1715789 discloses an 

45 active locomotion system for an endoscopic capsule ob- 
tained by means of a set of retractable legs in superelastic 
SMA housed in axial grooves of the capsule body. Each 
leg has an active degree of freedom (DOF), to allow ro- 
tation of the whole leg around a pivot point to open and 

50 close each leg radially, and a passive DOF to bend the 
leg around an intermediate portion for adapting it to the 
deformability of the tissue of the gastrointestinal tract. 
[0009] The endoscopic capsules of the above men- 
tioned type have no therapeutic treatment ability due to 

55 the limited space in the capsule. To enable a therapeutic 
treatment ability the capsule should be equipped with 
additional mechanical and/or electronical components, 
which would enlarge the capsule to a unswallowable size. 
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Furthermore, even if the capsule would be maintained to 
a swallowable size, the energy supply for such a thera- 
peutic mechanism would have to be ensured, which 
would require more space to be provided for energy stor- 
age means. 

[0010] The general object of the present invention is 
to provide wireless capsular therapeutic treatment ability 
with lower energy consuming treatment mechanisms. 
[001 1 ] Another object of the present invention is to pro- 
vide a wireless capsule capable of moving in the gas- 
trointestinal tract for delivering a surgigal clip to a Gl site 
without the need of tubular endoscopic devices to be in- 
troduced in the patient body through a body orifice. 
[0012] A further object of the present invention is to 
provide a wireless capsule of the above mentioned type 
with a surgical clip mounted thereon in such a way to be 
easily dispensed to a surgical site in the Gl tract ensuring 
an effective tissue compression and tissue capture for 
the treatment of Gl diseases. 

[001 3] A particular object of the present invention is to 
provide a wireless capsule of the above mentioned type 
in which both the clip compression strength and the clip 
releasing action are achieved with a minimum energy 
demand. 

[0014] These object are achieved with the wireless 
capsule for delivering a surgical clip to a surgical site of 
the Gl tract according to the present invention whose 
essential features are set forth in claim 1 . Further impor- 
tant features are specified in the dependent claims. 
[0015] According to one aspect of the invention the 
wireless capsule of the invention comprises a capsule 
body with a front portion and a surgical clip releasably 
mounted on the front portion of said capsule body. The 
capsule body is equipped with wireless locomotion and 
steering means and image sensing means for taking im- 
ages of the Gl tract and assisting in leading the capsule 
up to the target site. A transceiver unit for transmitting 
the detected images to a data processing unit external 
to the patient and for receiving control signals from an 
operator is also provided. Clip retaining and releasing 
means are provided for retaining the clip on the front por- 
tion of the capsule body when the capsule is moved 
through the Gl tract, the clip retaining and releasing 
means being wirelessly actuable for releasing the clip 
when the capsule is in close proximity of the target sur- 
gical site and is directed towards it. 
[001 6] In this way the elastic energy stored in the clip 
once it is mounted on the capsule is exploited both for 
providing all the compression strength necessary for tis- 
sue grasping, without the need of an additional mecha- 
nism for generating the compression strength, and for 
releasingthe clip, thus significantly simplifying the releas- 
ing mechanism. 

[0017] According to another aspect of the invention, 
the wireless capsule is provided with clip retaining and 
releasing means comprising retractable stoppers, in par- 
ticular in the form of hooks or pins, projecting from the 
outer surface of the front portion of the capsule body be- 



fore the clip. The clip forcibly abuts against the stoppers 
and a motorized release mechanism is provided inside 
the capsule body for retracting the stoppers, whereby the 
c I i p i s re I eas e d to g ras p t h e ti s s u e at t h e targ et s ite axi al ly 
5 facing the capsule. 

[0018] In a different embodiment of the invention the 
retaining and releasing means comprise collapsible stop- 
pers, in particular in the form of fluid inflatable bodies or 
shape memory alloy (SMA) bodies, projecting from the 
10 outer surface of the front portion of the capsule body be- 
fore the clip. The clip forcibly abuts against the stoppers 
and means are provided inside the capsule body for col- 
lapsing the stoppers, in such a way that the clip is re- 
leased to grasp the tissue at the target site axially facing 
15 the capsule. 

[0019] According to a further aspect of the invention 
the clip retaining and releasing means comprise pushing 
means for axially sliding the clip on the outer surface of 
the front portion of the capsule body until the front edge 
20 of the capsule is reached to release the clip. Advanta- 
geously, the pushing means may be in the form of a mo- 
torized sleeve or ring coaxially movable at the rear side 
of the clip on the outer surface of the capsule body. 
[0020] Thefeaturesandthe advantages of the wireless 
25 capsule for delivering a surgical clip to a surgical site 
according to the present invention will be apparent from 
the following description of exemplifying, non-limiting 
embodiments thereof made with reference to the accom- 
panying drawings, in which: 

30 

Figures 1 and 2 are perspective views of a surgical 
clip and an endoscopic clip dispenser according to 
the prior art; 

Figure 3 is a side perspective view of the capsule 
35 according to the invention; 

Figure 4 is a perspective longitudinal sectional view 
of the capsule of figure 3 showing the releasing de- 
vice in its clip retaining position; 
Figure 5 is a perspective longitudinal sectional view 
40 of the capsule showing the releasing device in its 
clip launching position; 

Figure 6 is another perspective longitudinal sectional 
view of the capsule taken alog lines VI-VI of figure 4 
with parts removed for clarity; 
45 Figure 7 is a perspective cross-sectional view of the 
capsule taken along lines VII-VII of figure 4; 
Figure 8 is a perspective longitudinal sectional view 
of the capsule of the invention showing a first alter- 
native embodiment of the releasing device; 
50 Figures 9a and 9b schematically show a second al- 
ternative embodiment of the releasing device in a 
retaining and launching position respectively; 
Figures 1 0a and 1 0b schematically show a third al- 
ternative embodiment of the releasing device in a 
55 retaining and launching position respectively; 

Figures 1 1 a and 1 1 b schematically show a fourth 
alternative embodiment of the releasing device in a 
retaining and launching position respectively; 
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Figures 12a and 12b schematically show a fifth al- 
ternative embodiment of the releasing device in a 
retaining and launching position respectively; 
Figures 13a and 13b schematically show an embod- 
iment of the invention in which means for hooking 
the tissue at the target area are provided. 

[0021] As used herein, the word "capsule" means a 
substantially pill-size elongate cylindrical container with 
rounded off edges and suitable to be swallowed whole. 
[0022] With reference to figure 3 the capsule for deliv- 
ering a surgical clip at a target area of the gastrointestinal 
tract accordingto the invention comprises a capsule body 

I of a substantially cylindrical shape closed at one end 
with a cap 2. The capsule has a front portion 3 extending 
from the other end of the capsule body 1 for supporting 
a surgical clip 4. In particular, the surgical clip 4 is of the 
known type as disclosed in US 6428548, such as for ex- 
ample the clip shown in figure 1 , and is formed by a pair 
of semicircular tissue grasping surfaces or jaws 4a,b, 
each having a toothed portion 4c, the jaws being con- 
nected to each other at their respective ends by elastic 
joints 4d. 

[0023] The capsule is equipped with a release device, 
generally indicated at 5 in figure 4, performing the func- 
tions to retain the clip, when the capsule is inoperative 
and when it is being moved through the gastrointestinal 
tract and directed toward the target area, and to allow 
launching the clip once the capsule reaches the target 
site and its front portion is oriented towards the site. 
[0024] According to the embodiment shown in figures 
3 to 7, the release device 5 comprises a first lever 6 
housed in a seat 7 in the capsule body 1 and with one 
end pivotally connected to the seat 7 through a first pin 

8 orthogonal to the longitudinal axis A of the capsule. 
The first lever 6 extends in a substantially axial direction 
and is pivotally connected to one end of a second lever 

9 through a second pin 10, parallel to first pin 8. The other 
end of second lever 9 is pivotally connected to a third pin 

II parallel to pins 8 and 10 and mounted for slidably 
translating along an axial slot 12 formed in the seat 7 of 
the capsule body 1 . The third pin 1 1 has enlarged guide 
ends 1 1 a for sliding on the side edges of the slot 12 and 
preventing the pin to escape from slot 12. 

[0025] A pair of arms 1 3 and 1 4 are pivotaly connected 
to third pin 11 at one of their ends. Arms 13 and 14 lie 
on planes parallel to the lying planes of first and second 
levers 6 and 9 and extend in directions symmetrically 
inclined with respect to the longitudinal axis A of the cap- 
sule. The other ends of arm 1 3 and 1 4 are pivotally con- 
nected to respective hook means 15 and 16 each com- 
prising a retractable hook portion 1 5a and 1 6a projecting 
from diametrically opposed slots 17 and 18 formed on 
front portion 3 of capsule body 1 . Hook means 15 and 
16 are formed by two coplanar plates 15b and 16b piv- 
otally connected to seat 7 of the capsule body 1 through 
respective fourth pins 1 9 and 20, parallel to third pin 1 1 , 
and having respective fifth pins 21 and 22 fixedly extend- 



ing from plates 15b and 16b to pivotally connect these 
plates to arms 13 and 14 respectively. Fifth pins 21 and 
22 are placed at a substantially diametrically opposed 
sides of plates 1 5b and 1 6b relative to fourth pins 1 9 and 
5 20. 

[0026] A motor 23 is placed in a seat 24 formed in the 
capsule body 1 parallel to the longitudinal axis of the cap- 
sule. The shaft of the motor 23 is supported for rotation 
in a bearing 25 at one end of seat 24 and a cam 26 is 
10 mounted on shaft 25 in an axial position such that the 
cam is in close proximity to the connection between first 
and second levers 6 and 9, in particular in correspond- 
ence to second pin 1 0. The profile of cam 26 is such that 
its minimum radius is not greater than the distance of the 
15 axis of the motor shaft from the edge of levers 6,9, while 
its maximum diameter is greater than this distance. 
[0027] When the clip 4 is mounted on the front portion 
3 of capsule body 1 , as shown in figure 3, the clip 4forces 
against the hook portions 15a and 16a of the hook means 
20 1 5 and 1 6 projecting from the surface of the front portion 
3 of capsule body 1 due to the elastic force stored on the 
clip to keep it in an enlarged condition. The force exerted 
on the hook portions 15a, 16a causes a compression 
force on third pin 11, directed along the longitudinal axis 
25 A, which, when first and second levers 6,9 are axial ly 
aligned, is discharged on first pin 8 thus keeping the 
mechanism in a stable equilibrium condition and allowing 
the hook portions 1 5a, 1 6a to retain the clip on the front 
portion 3 of body capsule 1 . 
30 [0028] Upon actuation of the motor 23, a rotation of 
the motor shaft causes interference between cam 26 and 
levers 6,9. The pushing action exerted by the cam 26 
unbalances the equilibrium condition of the mechanism, 
which immediately passes to the condition shown in fig- 
35 u re 5. In fact, cam 26 urges the edges of levers 6,9 with 
its larger profile section thus displacing sidewards sec- 
ond pin 10 and causing levers 6,9 to rotate on their re- 
spective pins 8 and 11. The misalignment of first and 
second levers 6 and 9 causes the sliding of third pin 1 1 
40 along axial slot 1 2, this resulting in opposite angular dis- 
placements of plates 15b, 16b and the consequent re- 
traction of the hook portions 15a, 16a. At this point the 
clip, being no longer retained by the hook portions, is 
fired towards the target site by the action of the elastic 
45 force stored therewith. 

[0029] Advantageously, to better distribute the force 
exerted by the cam 26 on levers 6, 9, a flexible rod 37 is 
provided between the cam 26 and the lever 6. The rod 
37 extends from the seat 7 and is flexibly pushed against 
50 lever 6, 9 by the rotating cam. 

[0030] The capsule is equipped with an on-board pow- 
er source 27, such as a battery or a wireless energy sup- 
ply system, to provide energy to the motor and to an on- 
board electronic control unit 39 and a video and imaging 
55 unit 38. In particular, the on-board electronic control unit 
is designed to transmit/receive commands or requests, 
transmit videos and/or images, acquiring data from sen- 
sors possibly equipped with the capsule. The control unit 
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is equipped with microcontroller, wireless transmitter / 
receiver and high current drivers for actuator. A controller 
is also provided for the video and imaging unit. The bat- 
tery can be of the Lithium Polymer rechargeable type and 
a wireless battery charger unit is provided. 
[0031] The actuator can be a miniaturized DC brush- 
less motor, controlled by a full bridge CMOS driver. The 
driver should be properly connected to the microcontrol- 
ler, which is also in charge to wirelessly communicate 
with an external unitthorugh a dedicated wireless trans- 
ceiver. A CMOS or CCD imaging sensor is used to ac- 
quire realtime images, togetherwith a proper illumination 
module. The image data stream is sent to the external 
unit by the telemetric link. 

[0032] External facilities include a wireless dongle unit 
and a wireless video receiver unit and allowthe collected 
data to be sent to a personal computer or a laptop for 
further processing. In particular, a wireless transceiver 
can be used for a bidirectional communication with the 
microcontroller inside the capsule and to receive the real 
time video streaming. The transceiver would be connect- 
ed to a personal computer by a dedicate port, e.g. USB 
port. An user interface is implemented on the PC in order 
to properly display the image data and information related 
to the capsule operative status (e.g. battery level, telem- 
etry signal strength, etc.). The user interface would also 
allow the userto fire the clip by pushing a dedicate button 
located on visual display. 

[0033] Possible strategies for capsule locomotion, ori- 
entation and steering range from internal to external so- 
lutions. In particular, internal strategies may be imple- 
mented by placing a further actuator on board the cap- 
sule, as in PCT/IT2007/000259. Having regard to the in- 
tended uses of the present invention, external strategies 
may prove to be more efficient. An example is external 
magnetic locomotion, where several small permanent 
magnets are placed on board the capsule and an external 
magnet, either permanent or composed by coils, is used 
to steer the capsule under the user control. 
[0034] A solution of this type is disclosed for example 
in WO051 22866, wherein the capsule is equipped with 
permanent magnets or elecromagnets and magnetic 
forces are applied to them by means of an external per- 
manent magnet which is moved by the physician. In the 
present embodiment of the invention four permanent 
magnets 28 are arranged in respective axial seats 29 
formed on the outer surface of the capsule body 1 . For 
a proper operation of the capsule the Gl cavity wherein 
the capsule has to be moved is blown with air or other 
suitable gas or gas mixture to stretch the cavity walls. 
[0035] Figure 8 shows an alternative embodiment of 
clip releasing device for the wireless surgical clip deliv- 
ering capsule according to the invention. In this embod- 
iment the clip mounted on the front portion 3 of the cap- 
sule body 1 is passively released and the retaining action 
on the clip is provided by a pair of opposed stopper pins 
30 diametrically projecting from the outer surface of the 
front portion 3 and operatively retractable therein as a 



result of an axial forward movement of a motorized slide 
31 to which the pins 30 are connected. In particular, slide 
31 is formed with two forwardly inclined slots 32 converg- 
ing on the longitudinal axis A of the capsule, in which 

5 respective pegs 33 radially extending from stopper pins 
30 are slidingly engaged. A motor 34 is axially housed in 
the capsule body 3 to rotate an axial screw 35 engaged 
with a nut screw (not shown) integral to slide 31 . In this 
way a rotation of the screw 35 causes an axial movement 

10 of slide 31 and the retraction of pins 30. Preferably, a 
joint 36, such as a Oldahm joint, is provided between 
axial screw 35 and the motor shaft to reduce any place- 
ment error. 

[0036] Preferably, the front portion 3 of capsule body 
15 1 has a frusto-conical shape to make the clip release 
easier. 

[0037] Figures 9a and 9b show a first variation of the 
clip releasing device of figure 8, in which the stopper pins 
30 are replaced by small bodies such as spheres 40 pro- 
20 jecting from the outer surface of front portion 3 of body 
capsule 1 to retain the clip 4. The spheres are made of 
SMA (Shape Memory Alloy) material and, when they are 
put under proper voltage, they collapse suddenly as 
shown in figure 9b causing the release of the clip 4. 
25 [0038] Figures 10a and 10b show a second variation 
of the clip releasing device of figure 8, in which the stopper 
pins 30 are replaced by elastic bubbles 50 projecting from 
the front portion 3 of capsule body 1 to retain the clip 4 
when they are full of a fluid. The bubbles 50 are hydrau- 
30 Ncally connected via tubes 51 to a chamber 52, whose 
volume can be varied by the movement of a piston 53 
moved by an actuator 54. An increase of the volume of 
chamber 52 correspond to a suction action on the bub- 
bles which collapse due to their emptying out as shown 
35 in figure 1 0b causing the release of the clip 4. 

[0039] The advantages of embiodiments shown in fig- 
ures 9a,b and 10a,b relative to embodiments shown in 
figures 3 to 8, may consist in that less mechanical com- 
ponents are required. 
40 [0040] Figures 1 1 a and 1 1 b show a further embodi- 
ment of the clip releasing device, in which the clip is ac- 
tively released from the capsule. In this case the front 
portion 3 of capsule body 1 on which the clip 4 is mounted 
has an outer surface 60 that can be raised ouwardly upon 
45 the action of a pushing member 61 , which is retracted 
when the capsule is inoperative and projects outwards 
when the clip has to be released. The pushing member 
61 is placed behind the clip 4, so that, when the outer 
surface 60 is raised, the supporting plane of the clip is 
50 inclined to cause it to be quickly released, as shown in 
figure 11 b. The pushing member 61 may be actuated 
by a mechanism such as that shown in figures 3 to 8. 
[0041] A variation of the above described active clip 
releasing device is shown in figures 1 2a and 1 2b, in which 
55 the clip 4 is pushed from a rest position shown in figure 
12a to slide on the outer surface of front portion 3 of 
capsule body 1 until it reaches the front edge 3a of cap- 
sule body 1 and is released. To push the clip 4 at the 
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back a pushing member 70, for example in the form of a 
coaxial sleeve or ring, can be provided and actuated by 
an axially moving mechanism, inside the capsule, radially 
connected to the pushing member. 
[0042] In order to make easier the grasping action of 
the clip it may be advantageous to provide the capsule, 
at its front end, with tissue manipulation means for hold- 
ing or withdrawing the tissue to be grasped by the clip 
before the clip is fired and in particular for moving the 
tissue close to the front end of the capsule before the clip 
is released. To this end it may be useful to equip the front 
end of the capsule with a sucker or an adhesive plate or 
hook/screw means for securing the capsule to the target 
site for a short time before the clip is released. 
[0043] Figures 13a and 13b show an embodiment of 
the invention in which the capsule is equipped with an 
hook 80 housed in a seat 81 formed sideways at the front 
end 3 and parallel to the longitudinal axis A. Once the 
capsule reaches the target site the hook 80 is fired 
against the tissue T by an actuator, not shown, to get its 
tip stuck in the tissue. Then the capsule orthe hook slight- 
ly goes back to draw out a tissue portion while the clip is 
released as shown in figure 13b. Once the clip grasps 
the tissue, the hook is released from the capsule. The 
use of a hook as aid for the grasping action may also 
assist in stabilizing the position of the capsule relative to 
the tissue when the clip is fired. 
[0044] The capsule can be of the swallowable type and 
can be advantageously coated with a biocompatible and 
biodegradable layer that makes the swallowing action 
easier and safer. When the capsule reaches the stom- 
ach, the coating is destroyed by the acidity of the envi- 
ronment thus allowing it to become operative. 
[0045] The wireless capsule for delivering a surgical 
clip according to the present invention allows a surgical 
clip, such that disclosed in US6428548, to be released 
by a wireless device instead of a flexible and tubular en- 
doscope. The dip may be dispensed by a swallowable 
small pill dramatically reducing the pain and disconfort 
for the patient and increasing the number of potential 
candidates for this procedure. Furthermore, according to 
the present invention it will be possible to release the clip 
in areas of the gastrointestinal tract, such as the small 
bowel, that are unreachable and/or out of the operative 
field for most of the prior art endoscopic devices. This 
may open the way to innovative therapeutical procedures 
that were impossible before. 

[0046] A kind of novel surgical procedure that can take 
tremendous advantage by this invention is the Natural 
Orifice Transluminal Endoscopic Surgery (NOTES). This 
is an experimental surgery technique wherein "scarless" 
abdominal operations can be performed with an endo- 
scope passed through a natural body lumen (mouth, ure- 
tra, anus, etc.) then through an internal incision in the 
stomach, vagina, bladder or colon, thus avoiding any ex- 
ternal incision or scars. Using a wireless device instead 
of a flexible endoscope may dramatically improve the 
efficiency and the results of this new technique. Another 



example of application is in the Bleeding Peptic Ulcer 
Disease, which can be a critical event owing to the fact 
that there is an internal haemorrhage associated with the 
ulcer. Another field of application of the capsule accord- 

5 ing to the present invention may be when a support for 
operating a surgical instrument or device has to be cre- 
ated in a body cavity or organ, in particular of the Gl tract. 
In this case the capsule of the present invention may be 
used to secure the clip serving as a support in the se- 

10 lected position. 

[0047] The capsule according to the invention can be 
modified and varied in several ways, all of which are with- 
in the scope of the invention. All the details may further 
be replaced with other technically equivalent elements. 

15 in practice, the materials used, so long as they are com- 
patible with the specific use, as well as the dimensions, 
may be any according to the requirements and the state 
of the art. 

[0048] Wherever the characteristics and techniques 
20 described in any claim are followed by a specific refer- 
ence, these have been included as an example for the 
sole purpose of making the claim descriptions easier to 
understand, and therefore they impose no limits on the 
interpretation of the element they refer to. 



Claims 

1 . A wireless capsule for delivering a surgical clip to a 
30 targetsite in the gastrointestinal (Gl) tract of a patient, 
characterized in that it comprises: 

- a capsule body (1 ) with a front portion (3); 

- a surgical clip (4) releasably mounted on the 
35 front portion of said capsule body; 

- wireless locomotion and steering means (28) 
mounted on said capsule body; 

- image sensing means 38 mounted on said cap- 
sule body for taking images of the Gl tract and 

40 assisting in leading the capsule up to the target 

site; 

- a transceiver unit 39 for transmitting the de- 
tected images to a data processing unit external 
to the patient and for receiving control signals 

45 from an operator; 

- clip retaining and releasing means (5) for re- 
taining the clip on said front portion of the cap- 
sule body when the capsule is moved through 
the Gl tract, said clip retaining and releasing 

50 means being wirelessly actuable for releasing 

the clip when the capsule is in close proximity 
of the target surgical site and is directed towards 
said site. 

55 2. The wireless capsule according to claim 1 , wherein 
said clip retaining and releasing means comprise re- 
tractable stoppers (15,16,30,40,50) projecting from 
the outer surface of the front portion of said capsule 
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said clip retaining and releasing me an scorn prise col- 
lapsible stoppers (40,50) projecting from the outer 
surface of the front portion of said capsule body be- 
fore said clip, which forcibly abuts against said stop- 
5 pers, means being provided inside said capsule body 
for collapsing the stoppers, in such a way that the 
clip is released to grasp the tissue at the target site 
axially facing the capsule. 

10 8. The wireless capsule according to claim 7, wherein 
said collapsible stoppers comprise at least a pair of 
shape memory alloy (SMA) bodies (40) and said col- 
lapsing means are an electric energy supplying cir- 
cuit connected to said SMA bodies, whereby, when 

15 a voltage is applied to said SMA bodies, a sudden 
size reduction of the SMA bodies occurs and the clip 
is released. 

9. The wireless capsule according to claim 7, wherein 
20 said collapsible stoppers comprise at least a pair of 

bubbles (50) full of a fluid and hydraulically connect- 
ed to a chamber (52), whose volume can be varied 
by the movement of a piston (53) moved by an ac- 
tuator (54), whereby an increase of the volume of 
25 said chamber corresponds to asuction action on said 
bubbles which collapse due to their emptying out, 
thus causing the release of the clip. 

1 0. The wireless capsule according to claim 1 , wherein 
30 said clip retaining and releasing means comprise 

pushing means (60,70,80)for axially sliding the clip 
on the outer surface of the front portion of the capsule 
body until the front edge of said front portion is 
reached to release said clip. 

35 

11. The wireless capsule according to claim 10, wherein 
said pushing means comprise an outwardly expand- 
able surface (60) of said front portion of capsule body 
and a pushing member (61) acting from inside on 

40 side surface for raising outwardly said surface, said 
pushing member being placed behind the clip, so 
that, when the outer surface (60) is raised, the sup- 
porting plane of the clip is inclined to cause the clip 
to be quickly released. 

45 

12. The wireless capsule according to claim 1 0, wherein 
said pushing means comprise a sleeve or ring (70) 
coaxially movable at the rear side of said clip on the 
outer surface of said front portion of capsule body, 

50 said sleeve or ring being moved by motor means 
placed on-board of said capsule. 



body before said clip (4), which forcibly abuts against 
said stoppers, a motorized release mechanism (5) 
being provided inside said capsule body for retract- 
ing said stoppers, whereby the clip is released to 
grasp the tissue at the target site axially facing the 
capsule. 

3. The wireless capsule according to claim 2, wherein 
said release mechanism comprise a slider (1 1,31) 
and a motor (23,34) for axially moving said slider, 
the slider being connected to said stoppers 
(15,1 6,30) in such a way that its axial sliding causes 
the stoppers to retract from said outer surface. 

4. The wireless capsule according to claim 3, wherein 
said stoppers are in the form of substantially hook- 
shaped expansions (15a, 16a) of at least a pair of 
plates (15b, 16b) pivotally mounted within the front 
portion of said capsule body, said plates being piv- 
otally connected to respective arms (1 3,14) at acon- 
nection point (21 ,22) placed at a diametrically oppo- 
site side of said expansions, said slider (1 1) being 
pivotally connected to said arms (13,14) and to a 
second lever (9), which, in turn, is pivotally connect- 
ed to a first lever (6) pivotally connected to a pin (8) 
fixed to said capsule body and perpendicular to the 
longitudinal axis (A) of the capsule, said first and 
second levers (6,9) being axially aligned when said 
hook-shaped expansions (1 5a, 1 6a) project from the 
outer surface of the front portion of the capsule body, 
a cam (26) driven by said motor being provided at a 
side of said first and second lever, the cam profile 
being such that an angular displacement of the cam 
causes a pushing force to be exerted on said levers 
in a direction perpendicular to their common pivotal 
axis, whereby the first and second levers are mis- 
aligned and the slider is moved along said longitu- 
dinal axis (A), thus retracting said hook-shaped ex- 
pansions. 

5. The wireless capsule according to claim 4, wherein 
the cam (26) is placed close to the common pivotal 
axis of said first and second lever (6,9). 

6. The wireless capsule according to claim 3, wherein 
said stoppers comprise a pair of pins (30) extending 
at diametrically opposed sides of the front portion of 
said capsule body, said slider being a plate (31 ) sub- 
stantially parallel to said pins and being formed with 
two symmetrically inclined slots (32) relative to the 
longitudinal axis (A) of the capsule slidably engaged 
whith respective feet (33) of said pins, a screw trans- 
mission (35) being provided between said motor (34) 
and said slider (31), whereby an axial angular dis- 
placement of the screw causes an axial movement 
of said slider, thus retracting said pins. 

7. The wireless capsule according to claim 1 , wherein 



13. The wireless capsule according to any one of the 
previous claims, further comprising tissue manipu- 

55 lation means for holding or withdrawing the tissue to 
be grasped by the clip before the clip is fired. 

1 4. The wireless capsule according to claim 1 3, wherein 
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said tissue manipulation means comprise a sucker 
or an adhesive plate or hook/screw means (80) for 
securing the capsule to the target site before the clip 
is released. 
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Fig. 1 

(Prior Art) 




Fig. 2 

.(Prior Art) 
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